Scalar mesons in heavy-meson decays
The structure of scalar mesons in terms of fundamental constituents is still an open question and widely debatted, for a review see Refs. 1. We are interested in the scalar-isoscalar meson f 0 (980), but the formalism we are going to present in this talk is of general interest and applicable to any scalar meson. Besides the quantum numbers, what is known about the f 0 (980) is its mass and width: m = 980±10 MeV and Γ = 70±30 MeV. Hence, the f 0 (980) is a rather narrow state, already known, as well as other scalar resonances, for over thirty years from ππ scattering. 2 A general analysis of data leads to a picture suggesting that the scalar mesons above 1 GeV can be identified as conventionalqq nonet with some possible admixture of gluons, whereas light scalar mesons below or near 1 GeV form a flavor nonet predominantly made ofq 2 q 2 states. 3 The f 0 (980) being the product of a resonant two-pion state at the hadronic level may lead one to think of it as a four-quark state, which is also favored by the observation that such a configuration yields the right quantum numbers without the need for an orbital angular momentum to make a 0 + state. Moreover, studies of the scalar mass spectrum below 1 GeV suggest aq 2 q 2 state as originally advocated by Jaffe. 4 On the other hand, scalar mesons produced in D and D s decays leading to three pseudoscalar mesons 5 seem to indicate aqq content, although higher statistics in these experiments is desirable.
The emergence of the f 0 (980) as a pole of the ππ amplitude in the S-wave 6 is also well established in three-body decays of B-mesons. Recently, distinct peaks about 1 GeV were observed in the ππ effective mass range distributions of B → f 0 (980)K decays by the BaBar and Belle Collaborations. 7 As of yet, these newer data do not allow to discriminate between a two-quark or a four-quark description of the f 0 (980). Nonetheless, viewing the f 0 (980) exclusively as aqq or aq 2 q 2 state may prove to be misleading. In the case of B → f 0 (980)K decays there are plausible reasons to limit oneself to theqq picture of the naive quark model. Due to the large B-mass, the outgoing mesons behave as massless particles, which prompts to expand the corresponding bound states in terms of Fock states. Quark configurations likē q 2 q 2 orq 2 q 2 g therefore belong to higher Fock states. It was already suggested by Cheng, Chua and Yang 8 that theqq component of the energetic f 0 (980) may be more important, as two rapidqq pairs are less likely to form a fast moving f 0 (980). In our model we therefore neglect higher Fock contributions to the bound state.
Transition form factors
After we have settled down to theqq state of the f 0 (980), we ought to be concerned with its flavor content. Since the branching ratios B(J/Ψ → f 0 (980)φ) and B(J/Ψ → f 0 (980)ω) have almost the same magnitude, the f 0 (980) state must necessarily containūu,dd as well asss components. We write the wave function as
where θ m is the mixing angle and n = u, d. We are concerned with an effective description of hadronic corrections to the weak vertex in charged current-quark transitions b → u, c → s which drive the weak decays B → f belong to the initial pseudoscalar and final scalar meson, respectively. The transition amplitude is generally decomposed into two terms
where F + (q 2 ) and F − (q 2 ) are the transition form factors, q = p 1 − p 2 and the weak current is J µ =q ′ γ µ (1 − γ 5 )q with q ′ = u, d, s and q = c, b. In the dispersion relation approach, the form factors are derived from the diagram in Fig. 1 and expressed through the double spectral representation as
The vertex G v (s) describes the bound-state transition to the constituent quarks and ∆ ± are spectral densities to be discussed below. The wavefunction of a bound state with negative energy is related to the vertex by Φ(s) = G v (s)/(s− M 2 ) where, (1) is given by
where µ = m q mq/(m q + mq) is the reduced mass of theqq pair, k is the modulus of the center-of-mass quark momentum and 9
In Eq. (4), ξ + (s) is the normalization of a scalar meson Φ S (s) whereas ξ − (s) is that of a pseudoscalar meson Φ P (s). The parameter α controls the size of the meson and has to be deduced phenomenologically. This can be done for B-and D-mesons by using constraints like the meson decay constant known from experiment. For neutral scalar mesons the situation is more tricky -owing to charge conjugation invariance, the f 0 (980) cannot be produced via a vector current. Alternatively, one defines a scalar decay constant f S associated with the scalar current, although its value is only vaguely known from theoretical estimations. We prefer to determine The spectral densities ∆ ± in Eq. (3) are obtained from the double discontinuities of the triangle diagram. 9 We apply the Landau-Cutkosky rules, thus the internal quarks are put on-mass shell (k 2 i = m 2 i , i = 1, 2, 3), to calculate these discontinuities for a P → S transition:
One has the condition m 2 > m 1 and the tilda on the external momenta expresses their off-shellness in the dispersion approach with s 1 =p 
Numerical applications
Having the explicit form of the spectral densities, one can calculate the space-like form factors F + (q 2 ) and F − (q 2 ) for q 2 < 0 and an analytical continuation in q 2 yields the time-like equivalent for 0 < q
Thus, the dispersion relations applied to the relativistic quark model allow to derive B → f 0 and D → f 0 transition form factors for the full momentum range, and in particular for the kaon mass q 2 = m 2 K needed in the decays B → f 0 (980)K. This is done without any extrapolation and the quark model solely determines the behavior of the form factors. As an example, we show the preliminary function F + (q 2 ) for the P to S transition B → f u 0 (980) compared to that for the P to P transition B → π in Fig. 2 . In an upcoming paper, 10 we will give an estimate for the errors of these transition form factors. With this work, we hope to better determine one component of the hadronic matrix elements in the factorization approach for B-and D-decays into scalar mesons, for which most of the uncertainties stem from the non-perturbative character of QCD.
